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Earth System Grid Federation (ESGF):
Coupled Model Intercomparison Project

ESGF is a free, open consortium of institutions, laboratories and centers around the world that are dedicated to supporting
research of Climate Change, and its environmental and societal impact

Historically originated from Earth System Grid (ESG) project, expanded beyond its constituency and mission to include many other
partners in the U.S., Europe, Asia, and Australia

Groups working at many projects: ESG, Earth System Curator, Metafor, Global Interoperability Program, Infrastructure for the
European Network for Earth System Modeling, and many more

= U.S. funding from DOE, NASA, NOAA, NSF
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ESGF development of climate data management, access and
analysis

Scientific Computing Data Centers

Too much data to move,
1 2 \

Promote sharing of
knowledge, software and

tools among partners : . .
&P Simulation Data | Reanalysis Data |

Define APIs and protocols for satellite
interoperability among data I Observational Data |

centers | ~

Collaborative development \/ / /

of some software { ESG Gateway ESG Gateway r‘ ESG Gateway J
components (PCMDI) (NASA) (NOAA)

A

Deployment of common
software infrastructure \ N\
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Community climate data storage requirements expands rapidly every five
years as computer capabilities increase and climate simulations become

more complex

Rapidly expanding worldwide
global climate data holdings

Local and remote servers with web-
based and analysis tool access.

>1 Tbps networking must fit in with

the timelines shown in the graph

« End-to-end monitoring for
centers and individual desktop
transfers and remote access and
server-side analysis

Climate network mailing list:
climatedata@es.net

J.T. Overpeck, G.A. Meehl, S. Bony, D.R. Easterling
”Climate Data Challenges in the 21t Century”, Science, 11 February 2011, Vol 331, 700 (2011); DOI:

10.1126/science.1197869”
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| Time to Transport

Time to Transport

Time to Transport

B Rt 33.3 TB of Data 1 PB of Data 3 PB of Data
10-Gbps 13.65 minutes 7.6 hours 9.7 days 29.1 days
100-Gbps 81.9 seconds 45.5 minutes 23 3 hours 2.9 days
1-Tbps | 8.19 seconds 4.55 minutes | 2.33 hours A 6.7 hours
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Balanced Ecosystem: Overall Architecture Design

ESGFU
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Gateway-data node (client-server ): A more traditional Peer-to-Peer (P2P): An innovative paradigm in which all
model, based on a specialized gateway application that acts participating sites interact as equal partners, can be flexibly
as a broker towards services provided by a data node configured to expose different sets of services, and can act

as consumers or providers of services depending on
circumstances

Data Node

Index Node

Gateway : Peer-to-Peer
Identity Provider
Compute Node Gateway :
‘ ESG | Search
Gateway :
<::> | Security
|
& '
« | Ul
|
|
|
|

Data —p— Data
Node >  Node

Node
Manager
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The ESGF is a distributed data archival and retrieval system

Distributed and federated
architecture

Support discipline specific Gateways

Support browser-based and direct
client access

Single Sign-on

Automated GUI-based publication
tools

Full support for data aggregations

« A collection of files, usually ordered
by simulation time, that can be
treated as a single file for purposes
of data access, computation, and
visualization

User notification service
« Users can choose to be notified
when a data set has been modified

ESGEY
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Large amounts of data movement and management are needed for the
climate community.

ESGF
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Networking the climate science community for large-scale data

and science discovery
ESGF

CMIP = Coupled Model Intercomparison

PrOJeCt . . ] Web User Application Scripts 5 ’
= Phase 1: ldealized simulations of Envirdnment Environment g’ A |

present-day climate

= Phase 2: Idealized simulations of future
climate changes

= Phase 3: More realistic simulations

CMIP 5 multi-model archive expected to
include

* 3 suites of experiments

* 25 modeling centers in 19 countries
e 58 models

e Total data, ~10 PB

NCAR NERSC Users

ESG Federated LLNL \

BADC
Gateways PCMDI /

NASA
JPL

NCI

e Replica2-3PB D' D o
Global distribution GFDL NASA/GISS
Timeline fixed by IPCC (2011 — 2013) - | —
Wide adoption by the Climate community: st v
CMIP, CCSM, CSSEF, ARMBE, Obs4MiIPs, DataNode || _pata Node

TAMIP, NCPP, NARCCAP, NCA, etc.

High performance networks are needed for ESGF to replicate
data worldwide and to move data for large-scale analysis.
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ESGF Help Desk Weekly Traffic

About half of these queries come

directly to cmips- | B Created
helpdesk@stfc.ac.uk and the other 18— _ Weekly HelpDesk Queries B Closed

half to the esg-support mailing list
esg-support@earthsystemgrid.org

Questions that are resolved are
place on the ESGF FAQ list

Scientists at BADC, PCMDI, and
DKRZ are charged with addressing
CMIP5 data questions or

Technical staff at BADC, PCMDI,
DKRZ, NCAR, and JPL are charged 2r
with addressing ESGF system 0
questions
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Gateway and Peer-to-Peer Web Front End

ESGF Portal

+ 'V http://esgf-node2.linl.gov/esgf-web-fe/ E ¢ | (Qr Google
@ ESG-NCAR Gateway - Morzilla Firefox

CNN Gazzetta Calendar Gmail JPLv NOAAv ESGv ESGDOCSv localhostv DESDYNI¥ OODTv Myv Javadocsv Workv Django RSS (283)v

File Edit View History Bookmarks Tools Help

o http://www.earthsystemgrid.org/home.htm W T S00g!l pel RN
L P Sy 9! 9 R G
|| ESG-NCAR Gateway [+ -

GG 78
UM!

P2P

Earth System Grid Federation
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Home Search Login

LT

Contact Us

ESG Gateway at the National Center for Atmospheric Research

Search: Datasets v for:

‘ Search ‘ ‘ Start Over

To conduct a search, select a category from the pull down menu and/or enter free text into the the text box.

Model

Experiment

+
+
+| Frequency
+

Product

Climate Assessment Program ESG-NERSC Gateway
ESG-ORNL Gateway

ESG-PCMDI Gateway
ESG-WDCC Gateway

NASA JPL Gateway

Earth System|

Search

Home

Search Type:

Encloses © Overlaps

PCMDI Node &3
RNL Node &
ASA-JPL Node &

NNL Node &Y

NL Node &Y

. - —_— Welcome to pcmdi-node2
[ Search Categories r~ Global Climate Models Quick Links
- Project Commieny 2t Systef (et Community Earth System Model (CESM Getting Started Guide | {] Quick Search About pcmdi-node2 ) Resources
> CCSM CCSM 4.0 Model Output Create Account B
> CMIPS Browse Catalogs Keyword: Please Enter Information about 1
~ NARCCAP CCSM 3.0 Model Output Search for Data ,‘:,:59 fiernfomation shodtyourcrgenizetion | Quick Links
>PCM Parallel Climate Model (PCM) = * Create Account
> PYNGL IS « Search for Data
> PyNIO ESG Data Gateways - { * MyProxyLogon
> 0bs4MIPs - ional Climate Models )0 .
Fidnstitute T ESG-BADC Gateway . Aa ESGF Peer Nodes
NARCCAP: North American Regional ESG-NCI Gatewa | Geospatial Search |

B

Search Categories Kentucky, - Virgi
nessee Nort! | pefine Area:
et Carolil
P ew Lo A soun | @) Square () Circle e K
y Mexico allas Mississippi Covonns 0 B
model = e Alabama aw
= < Mo Georgia. Mlect
http://www.earthsystemgrid.org/home.htm# 3
experiment ° Louisiana H
frequency Gulf i
4 California g LR Flom(ll
r Y02 HeroIca) Miami
realm Gogt yapmta@zq.ﬁgmpé’mnmomm MapLink - Terms o®Use Tdur
. th mi
instrument
ory |
a3 Submit Geospatial Constraints
variable
cf_variable

CILIDECACE METENODNIL NV DATA- NICDC (CICE)

North Analysis Tools

~| Realm Other Gateways Oakota, (Wi « COAT (Climate Data Analysis Tools

> Aerosol © Enter address: DX (Climate Data Exchange)

pl ) CADIS (Arctic’ ent Selections South LAS (Live Access Server)

it\;r:gs here NCL: NCAR Command Language Dakota

>Land ice PyNGL: Python Interface to the NCL « (x) overlaps bounding

> Ocean Graphic Libraries (43.38.-104.76 34 .59 11 Clear Markers i re
\>Seaice PyNIO: Python Interface for Multi-format : {1]1at £338, on -57.98 $
+ Variable ‘ Geoscientific Data 1/0 e (ks = 7

i Ensemble ‘

Earth System Grid Federation

Williams SCExSS-OC 2011




GridFTP (Globus Online and BDM) for data replication and download

Mm Grid

%' - Cre

Download Selected Data

Please select a download method below.

Learn more about data download...

Globus Online Transfer gem)

L
DOWNLOAD

Transfer data to another server, or download to your machine
using the Globus Online hosted transfer service,

Learn more about GlobusOnline...

3
Files

25294
MB

Globus Online Transfer: Step 1 of 3

If you don't have a Globus Online account, you can sign-up for one at https://www.alobusonine.org/SignUp.

Required Fields are Denoted by Blue text.

Globus Online Username:

Please provide your MyProxy login information for the Source Endpoint: vetswebdev.ucar.edu:7513

Source MyProxy Username:

ranantha
Your normal Gateway Username

Source MyProxy Password:

Your normal Gateway Password

GridFTP and Globus Online
Berkeley Storage Manager
(BeStMan)
DataMover-Lite (DML)
Bulk Data Mover (BDM)
Wget

Get Credential |

_] BrowsingCatalog- NASA- JPL

10Tal NUMDEr OT KESUITS: 15 | I ransrer An
? =R Node

M

Back To All Project

¢ 3 Institute

0.0bSAMIPS.NASA- JPLAIRS.mon.v1husNobs_AIRS_L3_RetStd-v5_200209-201105.nc

project=obs4MIPs, model=Obs-AIRS,
Data Center: NASA-JPL  Size: 462697336

1.0bsAMIPS.NASA- JPLAIRS.mon.v1.husStderr_AIRS_L3_RetStd-v5_

project-obsdMIPs, model-Obs-AIRS, e
Data Center: NASA-JPL Size: 462697316

catalogbrowsing-2 |

Gl =
iransrer seiectea
e 1-20
=obs, time_ y=mon, real|
200209-201105.nc
~obs, time_; cy=mon, rean|

[] Select Highlig

RERIRRIRIR

Total Files
Total Requested
Total Transferred
Total Failed
Total Pending
Total Cancelled
1;.1.)1 Exists

I

Source Url
|http: f/esg-data
|http: jfesg-data
|http: / fesa

[http: / /e ata .. |husNobs_MLS_L... |Pending 0
[http: /e ata__|husStderr_MLS_... |Pending 0
|http:/fesg-data .. taNobs_MLS_L3... |Pending [1]
|http://esg-data _[tro3Nobs_TES_L.._|Pending 0

Summary Information

Status, %

Progress, FileName
S
S
Active 1)

Target Url
taStoerr_MLS_L
hus_MLS_L3_vO
ta_MLS_L3_vO2

data

| Detailed File Transfer Status Information

SourceUrl:

L/MLS/v20110620/ taStderr_MLS_L3_v02-2x_200401-201012.nc
/77 /ump/taStderr_MLS_L3_v02-2x_200401-201012.nc
an bytes): 50093216

ActualSize Gn bytes): 50093216
= TimeTaken Gn seconds): 0
D Click on above table row to see detailed information about each file transfer.

bolalolo|~I~

I‘ Show/Hide Gummary and Status Information)

L hup://esg-datanode.jpl.nasa.gov/thredds/fileServer/esg_dataroot/ obs4MIPs/observations/aumos/taStderr/mon; |

odeling real|

S.nc
nodeling realy|
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[/ - ncarEsGas confu. x-

Live Access Server About LAS

NGRS CHL/AS (S0

o CCSM run b30.009, Atmosphere Post Process|
1/ucar.cgd.ccsm.b30.009.atm. proc. monthly_ave.QF
[QFLX ¥

'@ ESGF LAS

X +

Data Preview (server-side and client-side analysis)

@ e' Q IO esg-datanode jpl.nasa.gov/las

/localGetUl.do?dsid

3EB2DS

C79ADA40EE2436A3F118649CE_ns_obsaMIPs.NASA

-JPL.AIRS

mon.ta.l.aggregation.l

%@ A

Live Access Server

About LAS

ESGEIEAS

Update Plot @ | | Set plot options - Google Eartl Show Values | | Export to Desktop Application

0 0bs4MIPs NASA-JPL AIRS L3 Monthly Data/obs4MIPs.NASA-JPL.AIRS.mon.ta.1

[tav]

.NASA-JPL.AIRS.mon.ta.1

- Subset 1

or Joe ]

Dl

Help
‘OPeNDAP (F-TDS) / THREDDS |

T
psw 4 5w
s

MAPS

@ Latitude-Longitude

DEPTH PROFILES
~ Longitude-Depth
 Latitude-Depth

HOVMOLLER PLOTS

“ Longitude-Time

< Latitude-Time

) Depth-Time
LINEPLOTS

 Time Series

“ Longitude

< Latitude

- Depth

Z {Pa):

LAS 7.2/Ferret 6.7

NO&&,/PMEL

obEdMIPE NASG—JPL AIRS L3 Monthly
TIME : 16—SEP— 2079/ phpRiPa.NSa—IPLARS. mon a1 (aggrogatian,/absAMIPa AL JPL ARG o gt sgetion = Scheat 1

LATITUDE

MAPS
@ | atitude-Longitude
HOVMOLLER PLOTS
~ Longitude-Time
 Latitude-Time
LINE PLOTS
 Time Series
O Longitude
 Latitude
Date:
Feb v|[100 v |

Apply analysis

[ 30E B60E 90E 120E 150E

0 4e-05

150W 1

0.00(

<1

US Department of Commerce NOAA | OAR | PMEL | Contacts | Privacy Policy | Disclaimer | mailto: brownrig@u: -

B

v @ Project 1
Plot 2
Analysis 3
Animation

@ Project 2
© Project 3
© Project 4

30461

....... 1A

© 0 covoes o

Variable: clt @ ‘ ]

Plot: Isofill ‘ 0 ‘ ] l
Quickfiot Tolal cloudiness
Mean 2.7115 Max 100

Variables

00

New Variable
clt
var 2
var 3
var 4
* wenn aeao
Mn 0 January /1979
P00 Mariable Propegties
Name: cit

Load variable from:

Qg 2 d

Search:

[pmjec(-obskmipﬂ

Please enter your credentials for Openid on ESCF

Opentd URL
‘pcmdi3 el gov

211

User
doutriauxt

Password

o ) (Gl

v €} search 1 nariable=hus

(4 Unmapped Files
v M hus

v 4 Obs-ARS

¥ & obs4MIPs.NASA-JPLAIRS.mon hus_AIRS_L3_RetStd-vS_20.

© HTTPServer @ hutp://esg-datanode jpl.nasa.gov/thred

@ OPENDAP @ hutp:/ /esg-datanode jpl.nasa.gov/thredds
v | Obs-MLS

> @ obs4MIPs.NASA-JPLMLS.mon hus_MLS_L3_v02-2x_20040.

Save ( Save As ( Remove

Cancel
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Examining future developments for the ESGF has potential impact on
other scientific domains

Other scientific domains: biology,
chemistry, nuclear energy, high-energy
physics, etc.

Peer-to-Peer Architecture - building an
ecosystem

Analysis services for:

http://esg-pcmdi.linl.gov/progress-reports

Dot aes

Australia Gateway

R Compute Nod:
Japan Gateway
el
rr Data Node

« extremely large data sets

» multiple large data sets are not co-

Replications

g

Ry
LLNL Gateway
ANL Gateway

|Ocated Clients Data Node .

+ cloud computing Compt ode @ (27 /ORNL Gatoway Eicnl
o o ateways | - <

Data integration and advanced metadates ——— AP LeNL Gateway e
capabilities - ~ [ Compute Noces |
Advanced product services via multiple s~ | @1 r_/? ”\J NCAR Gatsway

. . Browser
scripting languages (mem> Germany Gate T

) . . ﬁ UK Gateway | |Germany Gateway

Integration of security assertion Markup & A et

Languages (SAML) identity providers
Measuring replication and data access

patterns in extreme scale ESG
Workflow and provenance

Virtual Organization management as

Software as a Service

Advanced networks as easy-to-use

community resources

Management of open source, communit

driven software development

Data Flow

Parallelism / Concumency Module
\_ File Replication Module

Load Balancing Module
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